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(57) Abstract 

A channel estimating apparatus for performing channel 
estimation with high precision, and a CDMA receiver and a 
CDMA transceiver each having the apparatus. A channel 
estimation value of a data symbol is acquired from a series of 
pilot symbols which are in parallel with a series of data symbols. 
First, a plurality of pilot blocks are generated from the pilot 
symbol series. By properly summing weighted average values of 
the pilot symbols included in the pilot blocks, the channel 
estimation value of the data symbol is determined- In such a 
manner, channel estimation can be performed with high 
precision. By performing the data symbol channel estimation by 
using not only the pilot symbols of a slot including the data 
symbol but also pilot symbols of other slots, the channel 

estimation can be carried out with higher precision. nSQiDT-^^jytinvay^v^nmm 
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m m » 

^^1^ f± . X - ^ V > L JSr n h v > t)- 

S^H^/cCDMA (Code Division Multiple Access : -^^#J ^7CJ#?^) 
^Mi3 i 0^~C DM Aii^#^Mt3l5i-^o 

'J - -7 i - V > tctHH t tzMit-f-"^ ^- ^^^o^Sll'S^fiI^ fi+a^fij^i^^fe 
■r^o ^(Dfztb. 1^*. f-'-^ (1f$R) ^mitv&fiffi-efsiii-^fiffi^P 
^vitiisv^-r !±. iljf ffl^^fii^ffl t J; ^ i -r ^ X - ^ ^MKif^^ffc Lt. 
m) tl:<7) V > 4^' ;v (75 ffl^tfiffi X - ^ * m^r ^ i . -SM 1iJ "C ii tt ^ 

N I R (Signal-to-Noise and Interference power Ratio ! ^SSr'fs'fs "^S^tJ 
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2 

C CO Pais iC^rt L > "DS/CDMA Coherent Detection System with a 
Suppressed Pilot Channel: Sadayuki Abeta et.al, IEEE GLOBECOM" 94, 
pp. 1622-1626, 1994"tr(±. t"'- ^ ^ ^{f 1" ^ T"'- -9^ ^ t^^^ L . ^ 
tiit^ L/^SffigE^<7)^N°-f n -7 bf-^^-;i/^a£^iJic?f ALTToi- v^i^^- 
ii . 7"-- ^ V > 4^' )V^M(Dmti ^ ^ i^A^^ < L T ;|, o 
f^iJIS^If fi£oT. 121 1 3 i ^ -r- ^ v '1^~;i-^.^iji3 

MtlUMiZX^. 0ijx.ii\ DS-CDMA (Direct Sequence CDMA : il^ 

i-^T^{t^l3^-tL-C S N I R ^m^^-t-^ ^ ti)^X^^i>o 

■r— ^ -> > ;v CO -f- }\yW.^ii. ^(DT- y i/> .■K;U(7)gi-^ EFhI 
(C^-C{±. X n -7 h ) |*i(7)/>°^' n -y h > .-K;!^ 7 - v > ^^'-^^ 

|/^^i^fit : estimated complex fading envelope) (D^f^^ t 'O i^^MM L 

r) . ^-\':t^;u^^ffi^m#1-^-^t^J: f^lf i ^ LT S N I 

> .1^~;^lxFH^co/^° ^ n -y h v > 4^';u-t:'co#®'fs^(^#^~^°^ <7)f:if It-^^OtttiS 
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3 



iZ, ^JtZ -t ID T — 9 y i)^^ t.fi-Z>7.U y h CO ^ n Y i/ ^ 7^ )V (D 

>- y yt^ )]^ CO -eox- ^ V y:^')V-fy^^^t tiS X n 7 h co/^° 

$)}(Dmm^^f^ - i ^^^t:' ^ tL (i\ X. if. ^ 'j - 7 ^ - 'y y ^'mMT iz 
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^^<h75^"e§. pjfm'Ty-^m^a'M i-Simm^m) ^#^/-^^ti'j>:>^^sN i 
<h ^ t-r^o 

^^xmm Lx r - 9 ^j^-r ^ c DMA^m^M-c^o -c. mtzittk 

~ ^ y y ^^)^7hn^^l^'t Z>^^t . Hfisai£t$:$a/c/NM n -7 
^.^!J*Mt£ii LT/-?^ n -7 h -> > ?J^~;v^?iJ^^j5K-r^^^ t , |f^f^^^M n -7 
h V > ^■;i.^^iJ:^^(b^Ii5:O^W n -7 h "7' n -7 ^ ^ ^J^l" i: , tuIE^^" 

^ □ -7 f <7 H-a-^ ti;?, t^JB^/^M n -7 h v > 4^~;uo^i^<!t<7)^^ 
<^#tttJP^ tr. WiffET-^-^ 'yy^^)V(D^^^^}vm.'&{t.^Wi%-r^mxh^ 
mW.T- 9 -yy ^^)V(Dm%^-^ ^ ^■^^'i^li^'fl^ffl v^TpfBx- ^ > 4^';^^ 
^ij (75 ^ )V^$h ^ ^ . mW.mm.<r) tj: ^KtzT- 9 y ;v 
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5 

is ^ . mmr- 9 'yy^^)\^m\\^^WL^h^mimlZ% 1 iSM^f-^^fflv^ 

15:$ tL/:x- ^ V > ^-K;vm?iJ. iB J: a='|i)ffi*£t^$ ttf^/M n h v > .if ;^ 
?|J ^ $m -r ^ #15 1 ^ tt) IBi£ii y y )v m^iJ ^ ^K:t^ L t 
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6 

- ^ V > ^ij <7) f- ^ ^-^ )i' i nm-r ^ ^m. t . tu <7) $ 

^ ^ ffl T tuiEISf^ $ a - ^ -> ;^ m^iJ ^ itJ£t5: L . I^rfe^^° ^ n -y 
^ n b V > ^' ^ mt%k L . MfE^ 1 ^m^^ t mt^m 2 i£t^ 

g II T . fj fEi£ $ -r - ^ V > ;^,^>?iJ i HijfSJtIi ^ tL 

n y Y z/ y ^^mt. mt^r- y ^^)\^^.nm~if 

fj fE/N° ^ n -y h V > m^ij o ^ ©J» 1" ^ ^ (7) $£t^r $ tL *IJ W 

V > * ^^f-f- ^ ^ <h * #m ^ 1" ^ o 
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T . fj SSte $ a T^j - ^ V > 'i^" }\y ^ ^feiS ^ ^ 1 i£ t^#^ 

^m^-XmW.r- iy y^^)vm\\^^tWLL. mmtW^fitz^^^ u -y hi/ 

^ 3 ^iiMt^-i- ^ ffl Tiu lam;^ > ^' )^ m^ij * J£t^ t . m IB X - ^ i/ 

-9 'yy ;^ ^ ^^^l^t^c L . luIE^^" ^ n ^ h v > -i^" ;^^.?iJ ^ ^j^-f ^ # 
I^JittrlE^ 2 Jitt^^^^fflv^TBUiei^f^^ tL7t:x- 9 v > ^1^' ;^ ^ ?iJ ^ K 

fit. miam^tufn V >4^~^^.¥.^|J^^)^-r^^^^±l^ii^i^ 3 w:m^^^m 

m^-^l 1 msmo|§Hj!(i, ft 51^:^ 6 L 1 0 <7) v^-rtL^Mifa«co c 
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W*:^ 1 2 t;ffl«co^H^{±. ii*:S4'iv^Ll 1 O v^-rtL:*MifBmo C 

1j ffjij ^® -> > ^-K m ?iJ ^ ^ 4£ L -cm :tJ i^U tip >- > ^' m ^ ^ ^ i" ^ ^ ^ i: 
'yy ;w m ?IJ is X. m tfc $ tL ^ W n y h v > ;u .^.^ij ^ Sff 

$ tt 7t - ^ ^> > '1^' ^.?'J ^ O'^ tu lEt£ti: $ n h v > 4^' ;u ^^ij 

* ^Mif-t -2) #g ii , m%^nti%m V > Ji/^.^y tc^o- ttj fEi£t$: $ -r' 
- ^ V > *~;v.^.^iji3 i C/lufEt£t^:$ tL/i^NM n 7 h v ^■;vM^iJ ^ 3s'fSi- 
^ ^ ^ ^#Mt-rSo 

g io T . fj IS - ^ V > 'i^' ^?iJ is i O^^mi IS-''? -f n -y h v > ;v M^'J 

^'ii. tI|HE^^°^ n -y b ^> ^r^^-;!^^. ^0 4^(75 (n-K+1) #e (K(iS^m) 
C7) y ^ n -y h V > ;u lb ( n + K ) # g /^° -f n -y b v > 4^' ^ "C ilJ; 
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mmm 1 6 {zmm<^^mii. m^m i l i s (D\^-irM^^zmm(Dm 

h -> y 5}f ;u (D^m ttf ffix - V > ;v -f- -ir it 'Sr ^tfi" ^I) ^ 

hrn-y ^^^)55;-r^v^7"-y:7°t. mi Ifi^^° ^ n -y f "7' n -y $ ^ mf 

^ ?|J *t 1 3£^iJ 7^ J£ t§: $ 7t -f n -y h >- :^ ;v ^^ij ^ S^ft L > fj ISKt^ 
^ftfzT-'- 9 y * . H>rfBi£ti $ tL/i^N° >f n -y h v > 4^';^^5^iJ ^ 

t rr- ^ i^y ^i$L-t Z> ^ T -J . lirfS4£lt$ ^fc/N"^ n -y 

h V ^ ^t*£t^ L T^nM n -y > v > =^ ^J^-f" ^ x ^ -y -7° 

i: , luia^N"^ □ -y h V > .i^";i/^.^ij7)^ n -y b -y ^Sr^tiJjgi- 

^ 7> 7" 7 7° > . mf fE^^M n -y b y n -y >^ ^ ^ S tu SE^^° ^ n -y h -> > .i^' 

ffl v^T fifBx - ^ -> > ^~;v^^ij<7)^ ^ ;i^'^fA^ W^tl"^ ^ 7" -y 7°^ . mi 



wo 99/27672 PCT/JP98/05241 

10 

> # ;u CO m^iJ ^ L -C. mThM is i ^='1^ ^^0 U n Liife^iJ =fc 4£ $ tL tI: 
^ n h V > .i^' ;K7) ^.^ij ^ L . 'fc lb Ji^^ Ri) fStfelt ^f\^fzT~ 9 i/ y 
)V > ^ J: O'^^BtTlSKf^: $ ti n 7 b v > ^ L . flu fate 

f^c $ tL 7"- ^ V y 4^' ^ . mmtWi $ tt/; n -y h > 

;2> X 7^ y t . fIfiiE X - V > ^~ ;^ .^^ij ^ teli L rfltr Ktet^: ^fifzy^'-^ 
iyyyi<)]y^m^^J$L'rz>7.^yy°t. n -y h v > ^d^'^l'.^^ij ^ tefi L T 
flii IStetJ: ^ tifz 4 u y h iy y mn'^ ^J^-r ^ X 7- y y t . mmJunk 
$ tLTl: X - rJ' V > 4^~;v^^iJ. is J; (7ttjfSi£t^: $ n ^y Y y 4^";^^, 

^iJ^i^M-t^ ^ "7°^: $jt1IiJl::i3v^T. flu lite ^ tt/-^ r^'- ^ 

V > ;b ^.^ij , id X zfmmiJtnk ^fifz^-^^ u y h v > ^i^ ^ §{t i" ^ 
x-r -y 7°<h. mmilLWi^fifzr- 9 'yy^^)\y^.^\}^mi)L^LXmUr-9 
y y yf^ji^^.m^^^ir^^ v- y y° t . mmtJtnk^ nfz^^4 u y h yy ^^)]y 
^ mitWi L Tflti 4 u y vyy ^ ^J^-r^ ^y-y y°t^ m 

fa/\°^ ay V y ^ }V^^\i-d-hM^<^^^4 u y V y 9 "k^^-t^o x f- -y 
y h , fltf5^^° ^ n -y h r n -y t tL^ fl^lfS^^° -f n -y Y yy yf: )\^(D^ii} 

mcn^^ ^mc?^#tt*n» LT. flfriSx- 9 v >^i^';K7)f--^' ^v;^^t^ji^^ 

^f-BXT^-y y IuISt"^-^ V > ^■;K7)fltrfE^ ^ ^wwll^iit^ffl v^Tflij 

IE X - -> > ^-t^' )\^^m ^nm^ ^ ^y—y y° t . AoiEii^t <7) 

^j: ^itfzr- 9 y y 4^';vm^iJ ^aii L r fluis-r~- .¥.^0 ^ ^i^K-r ^ X -r -y 
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m ^ •?) o 

0 2 !i. ;$:^0^co^ lllMff^S ti-f^ -f- ^ Twi/^t^^^m; ^ -5^ :t-^ ;u 
m^^MMi: ^ir y u - ^ ^ ~ YT^^o 

tn -e 2b o 

H 5 ii. 2 mMW^PSA^W^^ C DMA$M^«tc i ^-tft^S 

^^-f- "7 n - f- - b -e^ i> o 

HI 6 3 miMMWJ^i^.^ C DM Ai^$^t^g(73^tl3£1^!l^^ 

-r la ^5 ^ o 

m 9 (i. :$:||H^O^ 3 mmW^WM^^^ C DM Ai^$M^g(^^{f MS^IS 
mi 2 t± . fliJt^P V > >^ T-'- ^ V *~ is J: xf^< n -y h v 
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m 1 3 J^^^^^-^^^ffifefT^tdj^I^a^^i-Iltr^ab^o 



(m 1 mmmm) 

d ^ o ^^5&?F^:l^ ^ ^ ^ :t-^ i o o . -f^- v > ^J^^ ;p 

<7) ^^ij >ft L >i£^iJ ^ ^ n h V > 4^' c7) ^^ij ^ -r - ^ >^ > ^' ;l/ (75 

■5^ ^ ^-^ ;v^i^^S 1 0 0 {is n -y > r n -7 ^^j^gp 1 1 0 i3 J; {f^ \ 

l^^ZjoV^Ti±. D S P (Digital Signal Processor) {i5 X If y° U V "7 2>s ^ 

Lfz^ ^')) iz X ^ V y h 'y X.T t LT MM ^tLTv^^T^?, - vy j^r 

1112 ji, :^mmfi^wjz% :h ^ ^ )vm^mw.^~ X ^ ^ ^ }i'm^^Mm 
9 y (D ^ ^ ^-^ jimmiu^Wi^i- ^ M ^ m^^x 7j<-tmx ^ :6 o ms (d 

J -f\ X -f -7 7" S 2 0 1 V^T. /^°'f n -y h ^ n y ^ 1 1 0 

i (9 n -y h -> > 4^" t:*^ h ^tk<^^-^ -r n -7 > y n -y ^ ^J^i" ^ o 
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iC, (n-K+l) #acOy^°^^>7^f^^^-;^7^/^lb (n+K) #@co/N°-r 
n h -5^-^ (ci^-e. K = L X A . Klt^BM) o 

J: t9 ff^fiK L> ft (7)/nM n ^ h v > ^1^' ^ -f- ^ ^-^ ^^^i^tiffi v^^ 

J; ^) 6 ® (7) /nM n '7 h y n -y ^ ^ L T ^ „ 

n -y h y^-a y ^ ii, n # @ CO 7""- ^ ~> > ;K7) -f- -v ^> >'^f£^'ffi ^ >^ 
i^^i^^^z^ m 3 c^'^OcT) J; ^ n*B c7)^^°'f n y h -> >- .i^' ;^ ^ 4^ (3 0# 

i)^ U y h y U y ^ ^^f^-t^ t ii-C^ & o 

>r h i)^X- § ^ o ttz. 1 -r n -y h r n -y (7) :K $ ^ 1 /N° ^ n -y h v > 

^ ^: -r ^ <h . -f ^ 1 n -y h -T-" n -y iJ' ^ 1 y W n -y h -> > 

#)i/-eff^j^-t ^ - ^ -e i So ^tbii. ^-^^ u y yy'-u y ^ (D^'^ii^ ^-^ 
:^T--yyS202~S204tijoV^T, ^ ^ J^m'^mW.^U I 2 Q\z 

0 2 -CvnM n 7 h y n -y # t S /^° ^ n -y h v > 4^' ;l/ 1 "7 - v 



wo 99/27672 PCT/JP98/05241 

14 

^ft^i-'-<T^O/^M n -7 h yn ^ tCov^T=fT 9 ( X -y -7° S 2 0 3 ) o 
H 3 cofa (i . i # g cr, yi ^ n '7 h y n -7 ( i = - L ~ L , i 0 ) O 

^^(D^-^^ X2 y \- -7^X2 y ^ (D^^^t^-^ a (ri;) i: L T , n # g O -r" - 

v>.i^';^cof-■r ^wi'^S^itl (n) *ML-Cv^;2,o ^ ^ ^-^ ;v jt | (n) 
ii^ ( 1 ) -e-^x. ^tL^o 

|(n)= X a(ni) |(ni) (1) 

i=-L. 17^0 

4 u y y ■7-~n ^ t\ n#B cOt-'- 3^ V > ^"J^^i^'ft L/^r^cOfSM^^O 
^ KBft L T ^ -e* ^ o 

±ie:^^-yyS2 0 1~S2 04^. ^ ^# L J; ^ i: -f 

^ -t-^TcOf^"- ^ -> > ^-i^'^V^lov^rlf^ -r -y ^"S 2 0 5 ) o 
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m-c^^o ^'mmmmj^i^^z c DM A-S:in mm 4 0 0 1±. tjtMk^ntz-r-- 

Jl/^^iJ^S^t. tJtnk^i^fzT-^ iy>^~J\^^M^. titz 4 xj y 

C DM A'g'ff ^tt 4 0 0 ti, ^#§154 10^ -T ~ ^ 'y > y 
f- f 7 -f 4 2 4 . ^ n -y h y ^ rf^MM-^ y ^ h y ^ ^ 4: 2 5 . 
^ ^ 4 2 8 . X - ^ V > ^'^l/.^.^iJIi^fR 4 3 0 . U4 

^fM 3 2 . T^V ^ > ^ - 'J - ^-^^ 4 3 4 . is i e 4 3 6 ^ 

■r y ^ h y ^ A 2 4 . n y h V > 4^" ^V^^'Offl -y ^ h "7 ^ ;U ^ 4 
2 6^(±DSP ii3 XZf-fa M.^-^^mLtz:>^ ^')) 4 2 0 J; i9 V "7 
h j:- T t LT^5a$ tLTV^^:6^ K':> T t LT^Jl LT =t V^o 

^ ^ ^twv^i^MafM 2 8 (Tjft^io J;x;^-^tg(i. 1 mJSff^Istc 

{^^^^ loot ls]#-e^^o 

u-i-^- h-C^^o tir\ y5>7" -y 5 0 1 ^CiSV^T. 'S:mm4 1 0 

fzy< ^ n -y h V > ^ -^m-r^ o 

-y-^h-7^;i'^'424 m;f9. ^1 t£tJ:t^-^ ^ffi r SrM'ft 
^^mjtfiLx . r-^ iyy^~)V3^.mi^Jl^i-^o ^ t- -y 7°S 5 o 3 tcis 
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X -r 7 -7° S 5 0 4 io T . ^ 428tcj:!9. ^^^-^ 

i: ^ -5^ ^ Twnt^^a {m2) tmw.-^'^^o 

X ^ -y y S 5 0 5 i3V^ t^~- v > # ;V^5"iJttft^ 4 3 0 J; l9 ^ ^ 

Xt" 7 ys 5 0 6 tlioV^-r. ^ ^ '&^g|S4 3 2 . -r" ^ ^ > ^ - 'J - ^'^^ 
4 3 4 fc^ J: ^ 4 3 6 {ZX ^ ^ Mit $ ^7^^ t"^- v ^ 

i:UmLXr- ^ ^.^\\i:±f^'r^o 1^^ ^ -^i^gM 3 2 -eti. ^ U ^ ^ "7 ^ 

i-H-eab^o ^^Jfeff^lsl'^^ C DMAi^^m^^ 6 0 0 (i. f-'-^'^^iJ 

aflS6 1 Oh. ffif^^tif^x- ^ V ^5j^';L-,^.^iJ. i5XzmWi.-^titzy^4 u y 
h V > ^v^m * 'Sit L . I£t^: $ tL T-^ - ^ V > ;K ;v .^.^ij ^ . ifcit $ 
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6 2 0 ^fix-So ^^*fe?F^«st'i3V^-C(±. (^CDMAJt^M^ 

121 7 c^-t J: d 6 1 0 fi. itff ^ 7 10. mmm^^WL 

m 2 2 ^ nX%l 7 2 4 . 7"^- V > ■=f^)V^^ym^t%L^ 7 2 6 . n -7 
h >- >*-;um^iJffl*£ifcg^ 7 2 8 . ioJ:C/'^^gS 7 3 0 ^ffix.^o *^ii?F^ 
FjtZi5V^-Ct±. SM^tf-^fbSB 7 2 2 . 7 2 4 ^(iD S P (iBii^^' 

y n -7 A ^ t^lfi L/-:^^';) 720 m:i)V7h'^aLTiL X^M $ ^ 
Tv>^;6^ /^- K •> i T i LT^ilLT ^> i v^o 

am s&t^-^jksis 7 2 2 tij; . T-'-^m^o^^p (T^-^ib) lt. ^-^ 

;^ -r -y 7°S 9 0 2 tiisv^T . }f A§I5 7 2 4 lii ^9 x - ^ > 4^-;^^^iJ(C 

m^7T^-rmx^z> o cc7)^ij-e{±. m;'jTijijtip-> ^^'^UTi^"— ^®»^-e 1 ^ n -7 

* ^ Jfe i C jo V ^ T i ± . m flU « V > ^ X - V > ^~ n i ' If A 
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0 9 tcM ^9 . X -r -y7° S 9 0 3 tCiS x - v > ^^'^V^.^lifflttft^lS 
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